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Introduction
Shiley Engineering students are tasked with performing a group capstone at the culmination of
their undergraduate curriculum. As a civil engineer this can lead to many different areas of study
because of how vast the major is. Based on my interests of structural engineering and seismic
resilience of cities I was placed on a capstone team that was in charge of helping to study the
seismic resilience of the Columbia Boulevard Wastewater Treatment Facility. This allowed me
to combine my knowledge base in engineering with helping a larger public works project
allowing me to serve the greater Portland community. The City of Portland is interested in
updating the blower building that was originally constructed in the 1970’s. One of the important
considerations of this project is the fact that much of the Pacific Northwest is currently bracing
for a large-scale seismic event that has been coined “The Big One”. This “Big One” is a 9.0
magnitude earthquake that could happen at any time in roughly the next century. Our group has
been instructed to explore and establish options for determining and possibly suggesting
upgrades to the seismic resilience of the blower building structure. Specifically, the platform and
lead-up to the new blower systems. This will help for when this event occurs to get the Waste
Water Treatment Facility back up and operational as soon after this earthquake as possible. An
additional focus of this project is to upgrade the blowers within the building to increase the
capacity of the aeration tanks. These blower systems provide oxygen to eat away at bacteria that
is in wastewater while in the aeration tanks. After this process occurs the water is dumped back
into the Columbia River. Currently the aeration tanks are the limiting system in the wastewater
treatment plant. This is because the active blowers are not able to supply enough air to the
system and two of the four blowers cannot reliably work. The City of Portland has suggested that
in the future they would like to have three working blowers and one backup. This is common in
engineering, so that processes are not slowed by a breakdown, and parts can be interchanged and
replaced almost immediately to avoid having to wait on shipping. The aeration tanks are home to
trillions of bacteria that use the oxygen supplied to breakdown the organic and inorganic
chemicals in the wastewater that would otherwise require extensive chemical processes to
breakdown. Due to this extensive process the city is considering a variety of avenues to
accommodate their needs. We will be exploring one possible avenue with our airflow
calculations. The intent of this report is to summarize my role on the project, the project itself
and the stakeholders, describe the design and calculations the group developed, and summarize
our recommendations to the City of Portland. Seen below are the location and layout of the
Columbia Boulevard Wastewater Treatment Facility.

Figure 1.0: Columbia Blvd. Wastewater Treatment Facility Site Map
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Background

History

To start our investigation we first had to establish a baseline of what was already there. For this
we referenced drawing that were provided by the city of Portland that outline the design of the
building in the 1970’s when it was originally constructed. Observations regarding the current
blower building are that it is 170’X55’X22.5’ with a basement that is 21.83’ beneath the finished
first floor. The blowers currently sit on the first floor of the building, and there is a basement
beneath. Construction of the building began in 1970 and no major upgrades have since been
completed on the building. The lack of upgrades is vital information because upon design
seismic resilience was considered. Because of this, it is unknown how the building will react in a
major earthquake. This is why we need to study the resilience of the existing structure. The
building was constructed out of precast concrete walls and poured in place concrete columns. All
floors and ceilings were also made from concrete. The concrete columns contained #4 @ 12 steel
lateral bars and #5 @12 bars which are anchored into steel pilings. In lay man terms this means
that the concrete columns contain 12 4/8” diameter steel bars and 12 5/8” diameter steel bars that
are the length of the columns. The steel pilings are at a minimum 3 feet into the existing soil. The
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existing stairs are all steel 5x5x5/6 steel tube with 2-¾" anchor bolts which connect to concrete
slabs. All steel was used for the building was A36. Guardrail used on the top of the building is all
aluminum held in place by grout into the concrete roof. There is 60’ of clearance on 3 sides of
the building. According to the Multnomah County Regional All Hazard report, the water table is
between 15-30 ft below the ground level of the blower building. This is the level below ground
that water would be encountered. This is important because soil is less strong once the water
table is crossed. As a result, there is a high likelihood of liquification at the site during a major
earthquake. Liquefaction would cause the soil below the building to begin to give out and the
building would collapse.
Purpose of A Wastewater Treatment Facility
Waste water Treatment facilities serve “to remove as much of the suspended solids as possible
before the remaining water called effluent, is discharged back into the environment” (USGS).
This sounds all good and well from an engineering perspective, but how do we as engineers
convince stakeholders of the necessity of this project? That is what engineers wrestle with on
every public infrastructure project.
The easiest way to make this relatable for non-engineers is by explaining what life would be like
if this critical infrastructure did not exist. The first thing that would happen would be all of
Portland’s wastewater would go into the Columbia River. This is all the water that you use to
shower, all the water you use to clean dishes, all water used at private and public restroom, and
all water used to cook. Now put into context the entire city of Portland with a population of
666,000 people. Any water that goes through a drain in the City of Portland ends up at the
Columbia Boulevard Wastewater Treatment facility. This leads to some large implications
especially considering that the facility sees ninety million gallons of water a day. The failure of
this facility would cause all of those materials that went down your drain to end up directly in the
Columbia without being impeded.
This would obviously have a massive impact on the wildlife living within the Columbia. These
wildlife could get impeded by, trapped in, or poisoned by many of the materials that are usually
cleared out of the water system at the treatment facility.
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Figure 3.0: One of Four Existing Blowers on top of a Blower Pad

Figure 4.0: Basement columns supporting the Blower Pad on first floor

Wastewater Treatment Facility | Myers, Charles

Guides to our Design

As with any engineering project, this capstone project has forced us to consider a multitude of
factors. One of these is the sustainability of the project and its environmental impact. This is
crucial because the Wastewater Treatment facility is the main barrier preventing wastewater
from entering the Columbia River which is one of the largest watersheds in the United States.
This means that if the Wastewater Treatment Facility failed in a seismic event it would have
severe impacts on all living beings downstream who rely on the Columbia River for basic life
essentials. This is also in accordance with the City of Portland’s green building initiative where
they want to minimize their environmental impact during construction. Another factor is the
constructability of this project that we are proposing. The project we are working with proposes
an interesting set of challenges because we are making modifications to an existing building.
This means that we cannot have an ideal design because we are working within the existing
building landscape. We will investigate the seismic resiliency of the platforms, and if they do not
meet current seismic standards proposing retrofitting for already existing supports could prove
challenging. Some unique methods had to be considered. Putting steel retrofitting on the outside
of columns was one proposition in case the columns were not determined to be seismically
resilient. Another consideration with constructability is the idea that while looking at the seismic
retrofitting we also must consider the weight of the blower system. This is a very manipulated
variable. We will combine these two ideas together to optimize both the seismic resiliency and
the overall output of the entire system. Because we are focused on the design aspect and not on
the construction aspect, economics is our least considered element. We will attempt to serve the
needs of the project in the most fiscally responsible manner but have not been given a strict
budget by the City of Portland.

Stakeholders

Every engineering project also has to consider the people that it will be serving as well as the
people that will be overseeing the effectiveness of the project. This has led us to consider the
jurisdictional, political, regulatory, and social setting that we are working within. This lended
itself well to myself as a public intellectual and skills and knowledge that I have honed in over
my time in the honor’s program. In terms of jurisdiction, the primary stakeholders will be the
City of Portland and Multnomah County. This is because the water that is being treated at the
Columbia Boulevard Wastewater Treatment Facility is coming from citizen of these two areas.
Primarily the city of Portland which the Columbia Boulevard Wastewater Facility services 80%
of. From a more global scale if this facility failed it would cause all of Portland’s wastewater to
go down river which would affect communities such as Longview and Astoria, and then likely
pour into the Pacific Ocean. This naturally leads into the political considerations when
completing this project. The City of Portland is involved in a wide variety of projects that all
require taxpayers support and funding. Sometimes wastewater treatment is not always the
highest on that list. Therefore, it is important that we explain how this project serves the city of
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Portland’s interest and serves the needs of the community. This is accomplished through laying
out the importance of having a seismically resilient wastewater treatment system in case of a
seismic event. It is also important to explain these effects to people down river of Portland to
inform and hopefully persuade them to advocate for these projects to get approved. It is also
important to consider regulatory bodies that we are answering to and following the guidance of
when considering the plans we will implement. The first are groups that any civil engineering
project must follow the regulations of which are ASCE 7 and the International Building Codes
(IBC). These two documents provide us with the rules to follow to determine if a structure is
seismically resilient. These documents also provide the ethical standards by which civil
engineers have to abide by on all projects. This allows all engineering projects to be held to
similar standards within the United States. Other regulatory groups for this project specifically
would be the EPA and other Oregon Environmental groups. This is to assure that our
modifications to the system will have a net positive gain environmentally. This also coincides
with Portland’s Green Building Initiative. The final major regulatory group that must be
considered is the Oregon Health Authority (OHA). This is an important project-specific group
because the wastewater treatment facility impacts sanitation and the potability of water
throughout the Portland Metropolitan Area and beyond. The final thing to consider is the social
setting that this construction is occurring within. The affected communities would be much more
at ease if they knew their wastewater treatment facility was seismically resilient. This would
allow for a generally more productive society. This is even furthered by the fact that we are
overdue for a 9.0 magnitude earthquake off the coast of Oregon. Another major social issue that
this project touches on is equity. Historically, North Portland is one of the least affluent
neighborhoods in Multnomah County. This is the area currently being primarily served by the
Columbia Boulevard Wastewater Treatment Facility. With a functioning wastewater treatment
facility North Portland would be properly served in a seismic event just like the rest of the
citizens of Portland.
My Role
After we came to a general understanding of what the project would ask of the group, we divided
the team into roles. These roles were what we primarily worked on over the course of the
project. I will highlight all areas of the project in this report but focus on the areas that I was
most influential in. As a civil engineering major I primarily focused on structural and
geotechnical calculations and design. As a good communicator I was also in charge of soft skills
such as writing emails and setting up meetings.
The structural and geotechnical investigation allowed me to look back on classes that I had taken
on the Bluff and use those skills. This involved me and fellow civil engineering majors on my
team grappling with not only how to solve the equations that we had previously learned, but also
which equations in our “tool box” would be useful for this building. This helped me with real
world and career application of my engineering knowledge. Throughout my time as an
engineering student at the University of Portland for every homework problem we had to provide
the goal, given, and solution. This allowed us as engineers to first identify where we were
headed. Then identify the tools that we possessed. Then with those tools and vision find our final
destination. This process seemed very monotonous in the moment for every single problem. It
was however the exact process we used to identify and solve the equations to set up our design
which will be discussed later.
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Soft skills I credit a lot more to situations the honor’s program and University in general put me
in. Through both programs students are required to take a number of core classes with a wide
variety of majors that force discussions with groups with different knowledge bases than your
own. An example of this was an Ethics class where we discussed different philosophers and
ethical values. This allowed us as a team to take a step back and look at the larger impact of the
project that we are designing. How is this project going to affect the community, in terms of
financial strain to pay for it to the good that it will provide if it were ever needed. I also learned
a great deal about communication with different groups of people through Honor’s reading
courses. This helped in this capstone with my ability to communicate with both University of
Portland advisors and with staff from the city of Portland. These soft skills also helped me with
communication within my team.

New Blower System
The Blower system was the part that I personally did the least amount of work on in this team
project. It is crucial though and sets the framework for the rest of our calculations and design, so
having a working understanding of what the blower system is and the modifications that we are
making to it is vital to understanding the project.
Background
The main supporting document used in the air demand calculations for sizing the new blowers
was the “Diffused Aeration Design Guide” by Sanitaire. The Wastewater Treatment Facility uses
aeration basins as shown in Figure 5.0 to aerate the wastewater as it moves through the facility.
In these basins the solids that are in the wastewater are separated from the liquids. Oxygen must
be provided at certain quantities depending on many factors called “field conditions”. This
requirement is known as the Actual Oxygen Requirement (AOR). Some of the unique field
conditions that were given by the City of Portland used in air demand calculation include site
elevation, temperature for wet and dry seasons, working DO level, diffuser submergence and the
alpha and beta factors. These factors are important to the city of Portland because of the varying
weather throughout the year. Portland gets the vast majority of its precipitation between October
and March according to United States Geologic Survey data. This causes the elevation in the
basins to be higher when the temperatures are colder in the winter. Once the AOR is found using
these conditions, the Standard Oxygen Requirement (SOR) must be calculated to determine the
air required to be supplied by the blowers for a given flow coming through the plant. This
process was completed for the given wet and dry season field conditions to determine the worstcase scenario for the plant. This calculated worst-case scenario will be the air demand the
blowers are designed to meet. From this data the amount of power necessary for the new blower
is found
There are several demands that make up the total demand for oxygen in a wastewater treatment
system. One demand comes from the oxidation of organic materials. More oxygen is required
based on a longer solids retention time (SRT) and lower food-to-microorganism (F:M) loading
for this demand. This means that we want the system moving as efficiently as possible. This will
limit the Solids Retention Time. We also benefit from microorganisms in the basins because they
view these solids as food, but also cannot get the filtrations leading into the river. Oxygen is also
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required for the biological oxidation of ammonia nitrogen to nitrate nitrogen. This demand
increases at higher operating temperatures and may require additional oxygen transfer depending
on field conditions. This correlates with our findings in previous air flow data at the site. There is
more oxygen used in summer months because of the higher temperatures. On our site visit in
March only one blower was in use due to the lack of oxygen demand due to low temperatures.
The last oxygen demand comes from the need to oxidize inorganic materials in wastewater. This
additional oxygen requirement is typically calculated in as an additional safety factor in design.
Safety factors in engineering are like insurance. Once the worst case scenario is calculated that
number is multiplied by a factor depending on the importance of that number and the confidence
the engineer has in that number. The team used the BOD loading as the only factor in
determining the air demand and neglected the other sources of oxygen demand.

Figure 5.0 – City of Portland Wastewater Treatment aeration basin
Calculations
To find the air demand, the SOR needed to be calculated as stated above. The Sanitaire
document provides a graph of lb CBOD/lb O2 required vs. the SRT at different operating
temperatures of the system shown in Figure 5.0. Using a SRT of 7, the figure estimates a lb
CBOD/lb O2 of 0.92 for the wet season and 1.12 for the dry season. This process was repeated
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for different SRT values as the City of Portland did not give an exact SRT value. This was
addressed by completing the calculations with an SRT of 4 and 7 days. From this value the AOR
can be calculated by using the BOD load per day that was provided by the City of Portland at
185,464 lb CBOD per day and 202,308 lb CBOD per day for the dry and wet seasons
respectively.

Figure 5.0 – O2/CBOD versus SRT for aeration system
The next step in the process is to calculate the AOR/SOR ratio using the following equation in
the Sanitaire design document:
AORSOR=α⎡⎣⎢[β(PfPMSL)CsatT]−DOfieldCsat20⎤⎦⎥θT−20∗ffAORSOR=αβPfPMSLCsatT−DO
fieldCsat20θT−20∗ff
(1)
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Where a and b are experimental values, Pf is the barometric pressure at site, PMSL is the
barometric pressure at mean sea level, CsatT is the surface dissolved oxygen (DO) saturation at
design temperature and 14.7 PSIA for the particular aeration equipment at design submergence,
DOfield is the working DO concentration in the wastewater, Csat20 is the surface DO saturation
concentration at 20o C and standard conditions for the particular aeration equipment at the design
submergence, T is the operating temperature of wastewater, qT-20 is the temperature correction
expression and ff is the fouling factor. The variables provided by the City of Portland pertaining
to this calculation are summarized below in Table 1.0. Note the alpha value was given as a range
by the City of Portland. Alpha is the ratio of the mass transfer coefficient in wastewater to the
mass transfer coefficient in tap water. This makes alpha the most variable number in this
calculation and is therefore normally given as a range of values. This was addressed by varying
the alpha value in the calculation. Beta is a saturation factor that is used to correct for the
dissolved solids in wastewater. This value is typically in the range of 0.95 to 0.99.

Variable
Design
Submergence
Fouling Factor
(ff)
PMSL
P50
Alpha
Beta
DOfield
Csat20
Wet temp (T)
Dry temp (T)
Csat12 Surface
Csat21 Surface
SOTE

Table 1.0 – Given field conditions
Value
Units
15

feet

0.9

none

14.7
14.67
0.37-0.69
0.95
2
9.09
12
21
10.78
8.92
28%

psi
psi
None
none
mg/l
mg/l
0
C
0
C
mg/l
mg/l
none

In order to use equation 1, a few intermediate calculations had to made. The temperature
correction expression was given by the Sanitaire design document at 12o C and 21o C as 0.827
and 1.024 respectively. In order to find the saturation DO at the design submergence and
operating temperature, a calculation was made. Figure 6.0 shows a graph of Csat20 at
submergence versus different diffuser submergences in feet. Using this graph, Csat20 at a
submergence of 15 feet and fine bubble diffuser for the plant is 10.6 mg/l. The following
equation was then used to calculate the DO at the design submergence for wet and dry seasons:
CsatT=Csat20∗surface CsatTsurface Csat20CsatT=Csat20∗surface CsatTsurface Csat20
(2)
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Using equation 2, the surface DO saturation at the wet and dry temperature was 12.57 mg/l and
10.40mg/l respectively. Using equation 1 the AOR/SOR ratio was calculated while varying alpha
for at the extremes of 0.37 and 0.69 and then at the average of 0.52. This was done to calculate a
worst-case scenario for the air demand at the plant.

Structural
Structural analysis involves analyzing which equations are first necessary and second the most
effective with the situation at hand. Drawings need to first be analyzed and understood to
comprehend which information we have available. This involved our group really looking into
the drawings that we received from the city of Portland. These drawings were the same set as the
constructions workers who built the building used. After the deep dive into these drawing we had
to analyze which variables we had accounted for and therefore which equations we could use.
Footing
In a seismic event the earth shakes vigorously. This lends itself to the idea that the most
important part of a building surviving a seismic event and being useful directly after is the
structural elements holding it up from the ground. In modern engineering and in this structure
these elements are referred to as footings. Most footings in large buildings are attached to piles
of some sort. In the civil engineering industry a pile is a hole usually about 1.5 ft. in diameter
that is drilled to bedrock. They will be discussed more in the geotechnical portion of the report.
Knowledge of these footings is important to the understanding of how well the entire building
would hold up seismically. We first got our measurements from the drawings that were given to
us by the City of Portland. These drawings were not the easiest to follow because the
standardization of civil engineering drawings has changed over the last roughly fifty years since
this building was designed. As builds were also not provided to us, so we did not know if the
designs were implemented exactly as they were in the drawings. The practice of providing As
builds for redesigning buildings is a very common practice, so this was viewed as an
impediment. This led us to have to perform a site visit. We brought our tape measures and found
the footings to be the same size that they were in the drawing. It also allowed us as students to
gather a better concept of what the footing and general area looked like as we moved forward to
design Seismic retrofitting. Figure 2.0 shows a photo of the footings and below is our suggested
design for the seismic retrofitting. There is only one footing shown, but all footings are the same
and will be designed for the same reinforcement.
As seen in the photo there is already minimal clearance and available space with the area that has
the footing presently. This forced us to look at a lens outside of civil engineering into interior
design. We had to consider the functionality of the space for tours such as ours, maintenance,
and workers safety. These were all factors that went into the layout of the new reinforcements
that were added to the footing.
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Figure 6.0: RISA rendering of proposed retrofit
Weights
Determining the weights and the center of gravity for each element and how they interact with
each other influences the seismic resilience of the structure. These values and locations show the
amount of force acting at each location which is influential in the understanding of how the
weight will react when the system is disturbed in a seismic event. This involved our group
finding the weight of our new blower system. This new proposed blower system will weigh
18,000 lbs. The weight of the footing involved us using the standardized weight of concrete
which is 150 pounds per cubic foot. We then needed the total volume of the footing which we
found to be 441 cubic feet which resulted in a total weight of 66,150 lbs. And a total weight of
the system of 84,150 lbs.
Structural Equations
When considering structural equations and the structural definition of the footing that the project
is calling on us to analyze, we must first define the footing. This was difficult and came later on
in our process after the site visit had occurred. Our group had it narrowed down to four options
based on the information we had gathered from the drawings the City of Portland provided.
The R value is a factor that comes from literature in ASCE 7. It is a factor that is based on the
type of structure being dealt with. This factor is important in civil engineering because different
structures have different capabilities to withstand a major earthquake. The lower the R value the
less stable it will be in an earthquake.

R Values: Table 15.4-1
Scenario
R Values: Table 15.4-1
A
8
Special reinforced concrete moment frame
B
5
Intermediate reinforced concrete moment frame
C
3.25
steel ordinary braced frame
D
6
special braced frame
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The seismic coefficient (Cs) factors in the soil acceleration parameters, the R value for the
structure, and the importance factor of the building. For our particular building we found our soil
acceleration parameter from ASCE 7 and will elaborate on them more in the geotechnical
section. The importance factor of the building is a IV because it is a public utility and vital
infrastructure.
Cs Values: using equation 12.8-2 from ASCE 7
Scenario
Cs Values: Equation 12.8-2 ASCE 7
A

0.1248

B

0.1998

C

0.3074

D

0.1665

The seismic base shear is the amount of force that we project given the conditions a seismic
event would result in.
Seismic base shear equation 12.8-1
Scenario
Seismic Base Shear equation 12.8-1
A

10,502 pounds

B
C

16,814 pounds
25,868 pounds

D

1,4011 pounds

We determined that this structure lent itself to being classified as a steel ordinary concentrically
braced frame. This was primarily due to it not meeting the qualifications to be a more seismically
resilient structure.
Software
Any modern engineering project uses a tremendous amount of software tools to cross check
calculations and show models of what is being designed. Below are a few of the software tools
that we used and how we implemented them in our design.
Software's Used
RISA was used to design, analyze, and document the existing
RISA Structural Design Software structure in addition to our final design and other alternative
designs.
AutoCAD was used to create a drawing of the blower platform and
AutoCAD
detail the structural improvements
ATC Hazards by location is a program that uses the IBC and ASCE
seismic values with a map interface to give seismic values of a
ATC Hazards
specific site. This program can also give values for design wind for
the same site though this function was not used.

Geotechnical Investigation
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The Geotechnical Report tends to come from a specialized geotechnical engineering firm. These
firms study soil. They study how different soil reacts in different conditions. This is traditionally
performed through taking multiple borings of soil, taking them back to the lab and testing them.
Borings are a 6-inch-wide sample of soil at varying depths. These samples are then taken to the
lab to measure moisture content, shear testing, fines content, and Atterberg limits just to name a
few. There are also tests that are performed in the field (while the boring is being dug). All of
these tests tell us about the soil properties of the ground that we are working on. This is
important because all soil is unique, and to properly seismically retrofit a building we need to
know how the ground underneath the building is going to react in that situation.
Soils Report
The soil at the site reported by a geotechnical report that was conducted at the Columbia
Boulevard Wastewater treatment facility is classified as Class D. Class D indicates that the
existing soils are clay loam, silty clay loam, sandy clay, silty clay or clay. Additionally, Class D
soils have a high runoff potential and low infiltration rate. According to the USGS, the water
table is between 15-30 ft below the ground level of the blower building. (Referenced below)
Geotechnical Equations/ Coefficients
From the geotechnical analysis of the soil by the specific geotechnical engineering firm we can
find a number of values that will help us in our structural analysis especially when considering
seismic events. Below is a table of those values and after the table each values equation and
description will be elaborated on.
Name
SS
S1
SMS
SM1
SDS
SD1
Fv

Value
0.866
0.395
0.999
0.752
0.666
0.502
1.905

Description
MCER ground motion (period=0.2s)
MCER ground motion (period=1.0s)
Site-modified spectral acceleration value
Site-modified spectral acceleration value
Numeric seismic design value at 0.2s SA
Numeric seismic design value at 1.0s SA
Long-period site coefficient

Putting these equations in laymen terms is a true test of engineers ability to communicate their
ideas to the real world, and the failure to do this is a major factor in the lack of sciesmic
resilience of buildings in the greater Portland metropolitan area. Ss and S1 are Maximum
Considered Earthquake Ground Motion Parameters. This involves ASCE taking into
consideration the probability of an earthquake and the magnitude of it and coming up with a
numeric calculation where the higher the number the more likely a damaging earthquake will
occur. This factor is found directly from ASCE depending on a general location you are at within
the country. The next pair of values the SMS and SM1 are site specific values which combine
previous values found (Ss and S1) with the magnitude of the specific site’s soil condition. If a
site has weaker soil the site would have larger SMS and SM1 values. This in turn means there is
a higher likely hood of serious structural damage in the event of an earthquake. This leads to a
separate dichotomy. Wastewater Treatment Facilities are listed as critical infrastructure as I have
previously mentioned, but they also need to be near a body of water. This is an issue because
anyone that has been to a beach can identify that sand is not the strongest soil known to man, but
municipalities have to build these facilities on somewhat sandy soil to be close to the river that
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they are dumping the filtered water into. From here we find the SDS and SD1 values which are
2/3 of the SMS and SM1 respectively. These values are to make some of the structural equations
a little easier to work with. The final value in the table is our Fv value which is the long-period
site coefficient which takes into account the classification of the site based on soil conditions and
the S1 values.

Seismic Investigation
A 1995 Seismic Vulnerability analysis done at the Columbia Boulevard Wastewater Treatment
Plant conducted by Dames and Moore assessed that widespread liquefaction from a 9.0
earthquake at the plant site could severely damage many facilities. Additionally, Dames and
Moore noted that pile supported facilities were the least vulnerable (From CBWTP Facilities
Plan Update CHAPTER 9 SEISMIC). All four blowers are placed on concrete pads supported by
columns. The columns are on top of a footing that sits on top of pilings. Our group calculated
seismic forces and used those forces to investigate how to mediate any potential concerns.
Results of Equations
We used a twelve-step procedure to get our seismic forces as provided by the ASCE. We first
discover the Risk Targeted Maximum Considered Earthquake (MCER ) Ground Motion
Parameter for the general location of Portland. For these we got an Ss = 0.866 and S1=0.395
which are for periods of 0.2 seconds and 1 second respectively using maps on pages 210 and 212
respectively. With step two we need to figure out the classification of soil for the site. We
discovered this was a class D site based on the Geotechnical report. Step three we discover the
spectral acceleration parameters. We first needed our Long-Period site coefficients which we
acquired from atc and confirmed with tables 11.4-1 and 11.4-2 we got an Fa Value of 1.153 and
an Fv value of 1.905 for periods of 0.2 seconds and 1 second respectively. This leads to an
acceleration parameter of 0.99 and 0.752 respectively. Step four is finding the design
acceleration parameter which is two-thirds of the acceleration parameter making the SDS 0.66 and
SD10.752 for periods of 0.2 seconds and 1.0 periods respectively. Step five is finding the design
response acceleration which we could not complete due to a lack of knowing the period, which is
how long it takes for the building to complete one cycle of moving back and forth. This proved
inconsequential in our particular case because we are only dealing with a single story structure,
so the height of the structure is less of a factor. Step six is determining the risk category of the
building. The Treatment Facility is Risk Category IV because it is critical infrastructure. This
combined with the SDS and S1 values gives them a D grade in both tables 11.6-1 and 11.6-2 of
ASCE. Step seven is determining the R value. This is based on the type of structure being dealt
with. We are dealing with a steel ordinary based frame. This gives us a higher R value and makes
the structure worse in seismic events. Step eight was checking if there were any structural
irregularities and we determined that there was none. Step nine was checking if parameters
applied to our structure to bypass 10-12, but those parameters did not apply. Step ten was solving
for the base shear force through using the Cs coefficient referenced in the geotechnical section of
0.3074 and weight of the footing and entire blower system which is 84,150 lbs. This leads to a
shear force for our design of 25,868 lbs. which we have included in the structural section as well.
Steps 11 and 12 only apply to multi-storied buildings which are not being dealt with in this
situation.

Wastewater Treatment Facility | Myers, Charles

Through this process we determined the theoretical force that we should design for in the case of
an earthquake.
Our Analysis of Current situation
Analysis
A structural support is necessary to support the footing and blower for a seismic event. This
determination was made because the group does not know the existing strength of the concrete in
the footings. The reinforcement we chose was a chevron-bracing that was 2.5-inch by 2.5-inch
by ¼-inch in size hollow structural steel (HSS) members. This can be seen in the rendering in the
structural and design sections. This was determined by going to the Structural Steel Manual and
finding a size of steel that would fit our particular needs but was also low cost. This steel
member allowed us to create a seismically resilient structure. The next step was making these
members fit into an already existing footprint.
Design

Above is a refresher of Figure 6.0 which is the rendering of our proposed design for the seismic
retrofit. When looking at how we would design the beams that are retrofitting the footing we
considered how we could factor in seismic data along with keeping the building safe for all
users. This is why we went with a chevron design which goes from the bottom corners to a
middle center point. This allows for the area to remain a walkway like it is currently being used
as evident in figure 4.0. This walkway element is why we went away from the idea of an xformation connecting the corners that would have been stronger.
The next question of design was how we were going to connect all of the beams that were
discussed in the analysis portion. The working theory that we are discussing with the City of
Portland are thread bolts running the concrete of the footings and connecting the beams with
washers at the connection points between the beams and concrete.
Conclusion
This project wrapped up a lot of what I have learned through my curriculum at the University of
Portland and throughout honors. It did a good job of combining a lot the soft skills that I learned
from honors and core classes as well as hard skills that I learned through my engineering
curriculum.
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Soft skills came into play with communication to the city of Portland our faculty representatives
and each other about what each of us needed in order to successfully complete the project. This
was important because of the size and complexity of our capstone. Our communication allowed
for the project to stay on schedule. Also the consideration for all groups allowed us to come up
with a design that mitigated the changes to the environment that the city was working in. Hard
skills that were used were knowledge of structural engineering, geotechnical engineering, and
water resource engineering. Both these sets of knowledge allow for me to be a more wholistic
person and engineer.
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